Introduction
Autosomal dominant polycystic kidney disease (ADPKD) is a common human genetic disorder. ADPKD is characterized by the expansion of fluid-filled cysts within the renal tubules, causing progressive impaired renal function and, ultimately, kidney failure (Gabow, 1993) . Mutations in the PKD1 gene account for most (85-90%) of the cases of ADPKD.
The predicted product of the PKD1 gene is polycystin 1 (PC-1), which is an extremely large glycoprotein with a molecular mass exceeding 460 KDa .
The polycystin-1 protein includes a very long N-terminal extra-cellular domain, which contains several motifs that may play a role in cell-cell or cell-matrix interactions. The full length PC-1 protein is predicted to span the membrane eleven times and contains a ~200 amino acid cytosolic C-terminal domain . PC-1 exhibits a complicated spatial and temporal pattern of expression in the kidney (Chauvet et al, 2002) . Its subcellular localization includes, although is not limited to, the basolateral plasmamembrane domains of renal epithelial cells .
The short cytoplasmic tail of the PC-1 protein may participate in multiple signaling pathways. PC-1 expression has been shown to affect signaling through both the Wnt (Kim et al., 1999) and AP-1 pathways (Arnould et al., 1998) . In addition, studies employing over-expression systems suggest that the polycystin-1 C-terminal region may directly participate in the regulation of ion transport processes. For example, expression of the most distal fragment of the PC-1 cytosolic tail protein in Xenopus oocytes upregulates a calcium permeable cation channel (Vandorpe et al., 2001) . In addition, overexpression of the entire cytosolic tail in cortical collecting duct cells prolongs the duration of ATP-stimulated chloride conductance and the associated intracellular calcium response (Wildman et al., 2003) .
The renal cyst expansion characteristic of ADPKD is currently thought to involve increased cell proliferation. Fluid accumulation in the lumen of the cysts appears to be associated with the conversion of the phenotype of solute reabsorption observed in normal renal kidney epithelial cells to one of net ion secretion in the cyst lining cells (Sullivan et al., 1998) . While the events leading to cyst formation and expansion in ADPKD have been studied extensively, the precise cellular and molecular mechanisms through which mutations in the PKD-1 gene induce these transformations remain largely unclear.
Solute and fluid transport in the kidney is intimately related to the establishment of ion gradients. These gradients are primarily achieved through the action of an ubiquitous heterodimeric ion pump, the Na,K-ATPase (Lingrel, 1992) . During its catalytic cycle, this pump uses the energy derived through the hydrolysis of ATP to transport sodium and potassium ions against their electrochemical gradients (Dunbar et al., 2001) . The α subunit of the Na,K-ATPase constitutes the catalytic core of the enzyme. This subunit spans the membrane ten times and its cytoplasmic domains are involved in ATP binding and hydrolysis.
The expression of the sodium pump in renal polarized epithelial cells is restricted to the basolateral membrane, where its activity generates the driving force for net renal sodium reabsorption. Regulation of the activity and membrane distribution of the Na,KATPase is of fundamental importance to the maintenance of tubular epithelial cell 4 function. Any perturbation in these parameters of pump function might be expected to lead to profound pathological changes.
Previous work has found that the Na,K-ATPase is mislocalized to the apical membranes of the epithelial cells that line cysts derived from patients carrying polycystin-1 mutations (Wilson et al., 2000) . These data suggest that the Na,K-ATPase resides on the luminal side of cyst lining renal epithelial cells, representing a complete reversal of the basolateral localization of the Na,K-ATPase that is seen in normal kidney epithelia. These observations have led to the suggestion that apical pump-mediated sodium export contributes to transepithelial fluid secretion in these cells. However, in other studies of intact cysts (Brill et al., 1996) and animal models of ADPKD (Kawa et al., 1994 , Takahashi et al., 1997 , Thomson et al., 2003 this mislocalization was not confirmed. Moreover, studies conducted on intact cysts have shown that application of the Na,K-ATPase inhibitor ouabain from the basolateral but not the apical side markedly inhibits fluid secretion (Grantham et al., 1995) . Taken together, these studies suggest the possibility of a link between the genetic defect in polycystic kidney disease and the regulation of the Na,K-ATPase in the development of the cystic phenotype.
We have found in two separate yeast two-hybrid screens that the C-terminal tail of the PC-1 protein interacts with two different regions of the Na,K-ATPase α-subunit: the large cytosolic loop connecting the fourth to the fifth transmembrane domain ("N/P domain"), and a construct containing the N-terminal tail linked to the cytosolic loop between transmembrane domain 2 and 3 ("A domain") (Pagel et al., 2003) . Based upon the structural information derived from studies of the closely related Ca-ATPase 5 (Toyoshima et al., 2000 , Toyoshima et al, 2004 , these domains are very likely to undergo dramatic movements relative to one another during the course of pump catalysis.
In the present study we report for the first time that a physical association between the endogenous Na,K-ATPase α-subunit and the PC-1 protein occurs in vivo in Madin Darby Canine Kidney (MDCK) cells and in situ in the kidneys of transgenic mice that overexpress PC-1.
We have also investigated the physiological role that this interaction plays using Chinese Hamster Ovary (CHO) cells that stably express the entire PC-1 protein. These cell lines demonstrate a dramatic increase in the total activity of the endogenous Na,KATPase pump. We propose that a functional association occurs between the C-terminal tail of the PC-1 protein and the Na,K-ATPase α-subunit, and that this association may contribute to the regulation the Na,K-ATPase pump activity.
Materials and Methods

Constructs
The "A domain" (residue #1 to #85) and "N/P domain" (residues #137 to #280) of the rat Na,K-ATPase α-subunit were amplified by polymerase chain reaction (primer sequences available upon request) (Pagel et al., 2003) . These constructs were subcloned as BamHI/EcoRI and EcoRI/NotI fragments respectively into the pGEX-4T-3 vector (Pharmacia Biotech) to produce the cDNAs encoding GST-fusion proteins. Cloning of the murine PC-1 full-length construct carrying N-terminal FLAG and C-terminal HA epitope tags into pcDNA3.1 vector has been described previously (Grimm et al., 2003) .
Subcloning of the C-terminal tail of the PC-1 protein (p200 construct) into pcDNA4 has also been described previously (Chauvet et al., 2004) .
Cell culture and transfections
Madin Darby Canine Kidney (MDCK) and Chinese Hamster Ovary (CHO) cells were grown in a 5% CO 2 , 95% air humidified incubator at 37 0 C in α−MEM (Invitrogen)
supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 50 units/ml penicillin and 50 μg/ml streptomycin.
MDCK and CHO cells were transfected using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Selection and maintenance of stable clones was performed in media containing 1.2 g/l of the antibiotic G418 (Gibco). Clones were screened for expression by immunofluorescence and Western blotting.
Recombinant Protein expression and GST-pulldown
The Escherichia coli strain BL21 (DE3) (Novagen/EMD Biosciences) was transformed with cDNAs encoding GST and GST-fusion proteins. A single colony was grown overnight in 50 ml of LB media supplemented with ampicillin (100 μg/ml). This culture was used to inoculate 500 ml of LB supplemented with ampicillin to an A600 of 0.1. The bacterial cells were grown at 37 0 C until an A600 of 0.8-1 was attained. Protein synthesis was induced with 0.1 mM isopropyl-1-thio-β-D-galactopyranoside and the cells were grown for 4 additional hours. Cells were then pelleted (5000xg for 15 minutes), resuspended in 10 ml of ice-cold phosphate buffered saline (PBS, 150 mM NaCl, 15 mM NaH 2 PO 4 ) supplemented with protease inhibitor mix (1μg/ml leupeptin, 1 μg/ml pepstatin A, 5 μg/ml PMSF, 0.5 μg/ml aprotinin). 
Biochemical procedures
For co-immunoprecipitation experiments, each 3.5 cm dish of MDCK cells was incubated in 250 μl lysis buffer (150 mM NaCl, 50 mM Tris, 1 mM EDTA) supplemented with 1%
Triton X-100 or 1 mg/ml C 12 E 10 (decaethylene-glycol-dodecyl-monoether, Sigma). For co-immunoprecipitation experiments from wild-type and PKD1 transgenic mice, membranes were isolated from whole kidney homogenates. The generation and characterization of the PKD1 transgenic mice has been previously described (Chauvet et al., 2004) . Kidney tissues were resuspended in a solution containing 10 mM Tris-HCl pH 7.4, 1 mM EDTA and 250 mM sucrose (1 ml/100 mg tissue), subjected to Dounce homogenization, and centrifuged for 10 minutes at 800xg. The supernatant was then centrifuged for 30 minutes at 100,000xg. The pellet was resupended in a buffer containing 10 mM Tris-HCl and 1 mM EDTA, aliquoted and stored at -80 o C until membranes were prepared, as described below. Membranes (50 μg) from wild-type and transgenic mice were resuspended in 1 ml of lysis buffer, incubated with anti-polycystin- Samples were resolved in 10% SDS/PAGE using standard protocols. The proteins were transferred to nitrocellulose membranes and blocked with milk solution (150 mM NaCl, 20 mM Tris, 5% w/v powdered milk, 0.1% Tween), incubated with monoclonal anti-α-subunit antibody 6H (1:500) (Pietrini et al., 1992) For biotinylation experiments, CHO cells were biotinylated as described (Gottardi et al., 1995) , lysed in lysis buffer (150 mM NaCl, 50 mM Tris, 1 mM EDTA) and incubated overnight at 4 0 C with streptavidin-conjugated agarose beads (Pierce).
Precipitated proteins were eluted from the beads as described for coimmunoprecipitation experiments and analyzed by standard SDS/PAGE and Western-immunoblotting. To assess the level of PC-1 expression, equal amounts of total lysates were subjected to SDS/PAGE and Western-Immunoblotting using an anti-FLAG polyclonal antibody
(1:2000, Sigma). The bands were quantified using a GS-800 Densitometer.
Preparation of Plasma Membranes
The following procedure was performed entirely on ice. It has been modified from the method published by Vilsen (Vilsen, 1992) . After CHO cells were grown to confluence in 10-cm tissue culture dishes, they were washed twice with PBS. Each dish of cells was scraped into 500 µl of a solution containing 250 mM sucrose, 20 mM Tris·HCl, and 1 mM EDTA at pH 7.5. The cells were then passed 10 times through a 27 Gauge needle and spun in a Beckman tabletop centrifuge at 3000 ×g for 10 min. The pellet was discarded, and the supernatant was combined with an equal volume of a solution containing 1 M NaI, 5 mM MgCl 2 , 20 mM EDTA, and 160 mM Tris at pH 8.3. This membrane suspension was incubated for 10 min on ice before the membranes were pelleted by ultracentrifugation at 48,000 × g for 90 min. The supernatant was aspirated, and the pellet was resuspended and washed in Tris-EDTA solution (10 mM Tris, 1 mM EDTA, pH 7.4).
The membranes were pelleted a second time by ultracentrifugation and resuspended in the same Tris-EDTA solution. To homogenize the membrane suspension it was passed through a Gauge needle, and the yield was determined using the Bradford protein assay (BioRad). Membranes were stored at 80 °C.
ATPase assay
ATPase assays were carried out using a colorimetric procedure for measuring inorganic phosphate released from ATP (Mense et al., 2000) . Prior to the assay, the crude plasma membranes were permeabilized by incubation in 0.65 mg/ml deoxycholic acid, 2 mM EDTA, and 20 mM imidazole for 30 min at room temperature. Assays were initiated by adding 25 µl of the membrane suspension to 475 µl of assay solution (3 mM MgCl 2 , 3 mM Tris-ATP, 25 mM imidazole, 3 mM KCl). For sodium titration experiments the assay solution also contained 20 mM KCl, NaCl and N-methyl-D-glucamine (NMDG). The combined concentration of NaCl and NMDG was maintained at 130 mM to ensure consistent ionic strength. For ouabain titration experiments the solution contained 130 mM NaCl and 20 mM KCl. To assess the maximal Na,K-ATPase activity, the assay was performed in a solution containing 130 mM NaCl and in the absence or presence of 1 mM ouabain. The amount of protein assayed was modified in each experiment in order to ensure that each assay measured similar levels of ATPase activity. During 2 h of incubation at 37 0 C at least 4%, but no more than 10% of the total ATP (3 mM), was hydrolyzed under V max conditions. After 2 h of incubation the reaction was stopped by adding 1 ml of freshly prepared ice-cold stop solution (0.5 M HCl, 3% ascorbic acid, 0.5% ammonium molybdate, and 1% SDS). All tubes were then transferred to an ice-cold water bath, and 1.5 ml of a solution containing 2% sodium meta-arsenite, 2% sodium citrate, and 2% acetic acid was added to each tube. For color development of the phosphate assay the test tubes were incubated at 37 0 C for 10 min. Free inorganic phosphate was determined by reading the optical density of each test tube at 850 nm on a Beckman DU-640 spectrophotometer. The Na,K-ATPase specific activity was determined as the difference between tubes without ouabain and those containing 1 mM ouabain. Individual experiments were carried out in triplicate. They were averaged and normalized to the maximal enzymatic activity (V max ), which was computed by fitting the 
Results
PC-1 interacts in vitro with two different regions of the Na,K-ATPase α-subunit.
Previous work in this laboratory has determined that the last 200 amino acids of the extreme C-terminus of polycystin-1 interact with both the "A" and "N/P" domains of the Na,K-ATPase α-subunit in a yeast two-hybrid analysis (Pagel et al., 2003) .
To confirm the results of the two-hybrid screenings, we used GST fusion proteins for in vitro binding experiments. GST fusion proteins incorporating the "A domain" and "N/P domain" of the Na,K-ATPase α-subunit were produced in bacteria and immobilized on glutathione-Sepharose 4B beads. A polypeptide encoding the C-terminal 200 amino acids of PC-1 labeled with 35 S methionine was produced by in vitro translation. The charged glutathione beads were incubated with the radiolabeled PC-1 polypeptide and precipitated material was analyzed by SDS-PAGE and then visualized by autoradiography.
As shown in Figure 1 (lanes 2 and 4) , both the Na,K-ATPase α-subunit "A domain" and "N/P domain" fusion proteins interact strongly, and to a similar extent, with the C-terminal tail of PC-1. The molecular weight of the band detected in the interaction with the A and N/P domains of the Na,K α-subunit (approximately 36 KDa, as reported in Chauvet et al, 2004 ) is consistent with the expected size of the C-terminal cytosolic tail, which contains 200 residues (Chauvet et al., 2004) .
Endogenous Na,K ATPase α-subunit interacts in vivo and in situ with PC-1 protein.
To investigate whether the physical association between the Na,K-ATPase α-subunit and the PC-1 protein occurs in vivo, we established a MDCK cell line that stably expresses the entire PC-1 protein. The PC-1 protein carries a FLAG epitope tag on its Nterminus and a hemagglutin epitope (HA) tag on its C-terminus (Chauvet et al., 2004) .
MDCK cells stably expressing the tagged construct were subjected to immunoprecipitation using a polyclonal anti-HA antibody. The immunoprecipitate was separated by SDS-PAGE, transferred to nitrocellulose, and immunoblotted with the monoclonal antibody 6H (Pietrini et al., 1992) , which recognizes the first 23 N-terminal amino acids of the sodium pump. This analysis reveals a band of 96 KDa (Figure 2A , lanes 1 and 3) corresponding to the Na,K-ATPase α-subunit, demonstrating that endogenous Na,K-ATPase α-subunit specifically co-precipitates with the PC-1 protein.
Na,K-ATPase α-subunit was not detected in the Western-blot analysis of the proteins coimmunoprecipitated from the untransfected cells.
We find that the endogenous Na,K-ATPase α-subunit and the overexpressed PC This latter detergent has been used successfully to solubilize functionally intact sodium pump, and it has been shown that after solubilization more than 90% of the enzyme retains its kinetic and conformational properties (Garty et al., 2002) . These results show that the association between PC-1 and the endogenous Na,K-ATPase α-subunit occurs in vivo, and is preserved when the pump is solubilized in its active state.
To further investigate a possible interaction between PC-1 and Na,K-ATPase α-subunit in situ, we performed co-immunoprecipitation experiments from kidney membranes isolated from either wild-type mice or transgenic mice which overexpress the native full-length PC-1 protein. We found that the expression of the full-length PC-1 is increased approximately 4 fold over wild type levels in this mouse model (data not shown). The data are in agreement with the previously reported levels of mRNA detected in these animals (Chauvet et al., 2004) . Crude membrane preparations were subjected to immunoprecipitation using a polyclonal antibody (BD3 serum) raised against the C- Figure 2B , lane 1. We were unable to detect the sodium pump in BD3 immunoprecipitates from adult wild type mice. It has been reported that the expression of PC-1 dramatically decreases during development (Geng et al., 1997) . It is possible that the association of PC-1 with the Na,K ATPase α−subunit occurs predominantly during early stages of embryonic development in wild type animals.
Total Ouabain-sensitive ATPase activity in cells expressing the PC-1 protein.
In order to assess whether its association with the C-terminal tail of the PC-1 protein affects the activity of the endogenous Na,K-ATPase, we measured the ouabainsensitive ATPase activity of the endogenous pump in CHO cells expressing the fulllength PC-1 protein. For these experiments, crude plasma membrane preparations from different CHO cell lines stably expressing the PC-1 protein or transfected with the empty vector were used. These experiments were carried out at saturating sodium and potassium concentrations to ensure that the pump's activity was measured at its maximal velocity (V max ). In all of the assays of the Na,K ATPase activity reported, we found that the ouabain-insensitive fraction of the activity of these membrane preparations was ~20% of the total activity. These data are in agreement with the previously reported measurements conducted on the pump expressed in different cell types and membrane preparations (Blostein et al, 1999 , Mense et al, 2000 .
We observed an increase in the total ouabain-sensitive Na,K-ATPase activity in CHO cells that express the entire PC-1 protein, as compared to control cells which are stably transfected with empty vector. The experiments presented in Figure 3 show the Na,K-ATPase activity measured in two different cell lines expressing PC-1 compared to Na,K-ATPase activity measured in two different control cell lines that are transfected with empty vector alone. The activity of the endogenous pump measured in the control cells is very similar between the two cell lines (1.12 μmoles P i /mg protein/hour, MOCK 2 and 1.34 μmoles P i /mg protein/hour, MOCK 3; Figure 3A ). We found that pump activity is significantly higher in cells lines that express PC-1 as compared to the control cell lines. One PC-1 expressing cell line demonstrated Na,K-ATPase activity more than 5 fold higher than the control cells (6.08 μmoles P i /mg/hour, clone #71: Figure 3A) , and the other PC-1 expressing cell line demonstrated Na,K-ATPase activity approximately 3 fold higher than the control cells (3.19 μmoles P i /mg protein/hour, clone #93: Figure   3A ). It should be noted that the conditions employed in the immunoprecipitations from renal tissue (figure 2, B) are very similar to those used in the assay of ATPase activity.
Thus, the interaction between PC-1 and the Na,K ATPase should persist under the ATPase assay regimen. Finally, Western-Immunoblotting analyses conducted on cell membranes from cells overexpressing PC-1 incubated for 2 hours at 37 0 C (data not shown), did not reveal any change in the quantity of the pump or the PC-1 protein over the course of this incubation period.
We then asked whether these differences in activity correlate with differences in To rule out the possibility that the increase in Na,K-ATPase activity observed in the PC-1 cells lines is due to higher levels of expression of the Na,K-ATPase α-subunit in these lines, and to determine whether CHO cells expressing the PC-1 protein show an increase in the total number of the Na,K-ATPase α-subunit molecules expressed at the plasma membrane, we determined the total amount of Na,K-ATPase α-subunit present in these cells. Western blot analysis of sodium pump in total cell lysates ( Figure 4A were biotinylatated in quadruplicate. The biotinylated cells were then lysed and incubated with streptavidin beads. The precipitated proteins were separated by SDS-PAGE and the membranes were probed with the monoclonal 6H anti-Na,K-ATPase α-subunit antibody. The amount of α-subunit at the cell-surface is similar in cell lines that express the PC-1 protein and mock transfected cells. These results indicate that the total quantity of the pump protein that is expressed at the plasma membrane in cells expressing PC-1 is unaffected by the overexpression of the PC-1 protein, and that the observed increase in Na,K-ATPase activity is not attributable to changes in the level of the pump protein expression.
Sodium and ouabain dependence of the Na,K-ATPase activity.
In order to determine whether the change in Na,K-ATPase activity was due to alterations in kinetic properties of the pump, we examined the sodium dependence of the Na,K-ATPase activity as well as the pump's sensitivity to its specific inhibitor ouabain.
We first assessed the sodium dependence of the endogenous Na,K-ATPase activity in CHO cells stably expressing the PC-1 protein and in cells transfected with the empty vector. The sodium titration experiments were performed in solutions containing 20 mM potassium and different sodium concentrations. These experiments ( Figure 5A ) showed that the apparent affinity of the pump for sodium in cells stably expressing the PC-1 protein is not significantly different from the sodium affinity measured in cell lines transfected with the empty vector. We find that the K 1/2 (Na) of the endogenous Na,KATPase in cells transfected with the empty vector is 21.4 mM, which is somewhat higher than values that have been previously reported for the wild type enzyme (Mense et al., 2000) . In cells expressing the PC-1 protein, the apparent K 1/2 (Na) of the pump is 20.8 mM ( Figure 5B ), which is not significantly different from the value calculated in the control cells. The comparatively high values for the apparent K 1/2 (Na) may be characteristic of the hamster Na,K ATPase or may be due in part to the relatively high concentration of potassium present in the assay. These data indicate that in cells expressing the PC-1 protein, the apparent affinity of the Na,K-ATPase α-subunit for sodium remains essentially unchanged.
We then assessed whether the sensitivity of the enzyme to its specific inhibitor ouabain was affected in cells expressing the PC-1 protein as compared to cells expressing 20 the empty vector. Figure 5B shows the ouabain titration experiments conducted in these cell lines. We found that the calculated K i of the pump for ouabain in the cell line transfected with the empty vector was identical to the K i in the cell line stably expressing the PC-1 protein. Altogether, these data indicate that in these cells the expression of the PC-1 protein does not correlate with a change in the measured kinetic properties of the pump activity.
Discussion
In the present work we describe a previously uncharacterized interaction between the α-subunit of the Na,K-ATPase and the C-terminal cytosolic tail of the polycystin-1 protein.
We show that the physical association between the endogenous Na,K-ATPase α-subunit and the PC-1 protein occurs both in cells in culture and in transgenic mice that overexpress PC-1. We also characterize the functional consequences of this interaction in CHO cells that stably express the entire PC-1 protein, demonstrating that endogenous sodium pump activity is higher in these cells.
Several studies (Peters et al., 1999 , Ong et al., 2000 have shown that the levels and pattern of polycystin-1 expression can vary dramatically during development.
Although the precise stoichiometry of the interaction between the sodium pump and the PC-1 protein has not yet been determined, we have demonstrated that high levels of expression of the PC-1 protein are required for the association, as shown by the fact that in adult wild type mice the low endogenous levels of polycystin-1 are not sufficient to form a detectable complex with the Na,K-ATPase α-subunit. It is possible, therefore, that this interaction is favored in the early stages of renal development, which are associated with relative high levels of expression of PC-1.
Previous in vivo and in situ work (Chauvet et al., 2004) has shown that polycystin-1 undergoes a cleavage that releases its C-terminal tail, which then translocates to the nucleus. This fragment has been identified as the last ~200 amino acids of the PC-1 protein. We observed that when lysates are prepared from cells expressing the last 200 amino acids of PC-1 as a soluble fragment, the Na,K-ATPase α-subunit can be immunoprecipitated with this PC-1 polypeptide construct (data not shown). The experiments presented here do not allow us to conclude whether the Na,K-ATPase α-subunit interacts preferentially with the full-length PC-1 protein or with its cleaved Cterminal tail fragment. Furthermore, it remains to be investigated whether the cleavage event modulates the effects of the interaction of the α-subunit with the PC-1 C-terminal tail on the functional properties of the pump.
In this study, we have also demonstrated that increasing the level of expression of PC-1 protein results in a corresponding increase in the activity of the endogenous Na,KATPase in a cell culture model. These data suggest the possibility that the PC-1 protein may participate in the physiological regulation of the Na,K-ATPase's activity. It is possible that the different levels of expression of the PC-1 protein observed during development may contribute to differential regulation of pump activity during renal morphogenesis. None of the individual kinetic properties that we investigated were altered by PC-1 expression. These data are consistent with the possibility that PC-1's effects on the pump may occur through an increase in the turnover rate of the Na,KATPase. Additional experiments will be required to clarify this issue.
The present work may provide some insights that could be relevant to the mechanism of renal cyst development. In ADPDK, transepithelial fluid accumulation inside the lumen of the cysts is a requirement for cyst expansion. The precise mechanisms involved in converting normally absorptive renal epithelial cells into secretory epithelia are still unknown. The current model (Sullivan et al., 1998) of secretion inside the luminal space of the cysts involves the upregulation of the apical CFTR channel, while the Na,K-ATPase is thought to act at its normal basolateral localization. Altered levels of PC-1 expression in ADPKD may affect the activity of the Na,K-ATPase, which may in turn disturb the balance among the cell's transport activities, ultimately converting the tubule cell from an absorptive to a secretory phenotype and leading to cyst expansion.
Further study will be required to determine whether the interaction we observed plays any role in preventing or fostering the development of ADPKD. 
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